High blood pressure has perhaps understandably been one of the few subjects in medicine which has caused much controversy. My own early days in academic medicine coincided with the high drama of the Pickering-Platt controversy concerning the mode of inheritance of hypertension. Pickering championed polygenic inheritance with no sharp cut-off between hypertension and normotension (Hamilton et al. 1954), and Platt (1963) believed that hypertension was a distinct disease whose inheritance was controlled by a single major gene. We in the lower orders waited with bated breath for the next round between these brilliant stars in the medical firmament. They were heady days and emotions ran high. We now know that both proponents held some elements of the truth. Pickering made monumental contributions to the study of hypertension, but felt strongly that salt had no major part to play in the condition. The story is told that when eating in public, he used to smother his food in massive quantities of salt, and then proclaim to his dining companions that he had done this for many years and his blood pressure was still normal, and hence salt had nothing to do with the aetiology of hypertension. Such was his intellectual brilliance and his reputation in the field of hypertension that this view tended to dominate medical circles in the UK and even in the United States. Thus a climate of opinion has existed which opposed the role of salt in hypertension. A recent review in the UK summarized the position of the anti-salt lobby (Swales 1980) . Dahl (1972) wrote that Kempner's (1948) work on salt restriction 'for reasons that are difficult to fathom, occasioned much antipathy', and he also wrote that he had become heir to the original antipathies directed to Kempner. The position is now beginning to change, and the role of salt in the causation of hypertension is slowly gaining acceptance.
. Illustration from the report by Ambard & Beaujard (1904) with data for their first case showing a relationship between chlorine balance and blood pressure and mitral valve disease. There was no oedema and the urine contained a trace of albumin. On admission he was put on digitalis and milk, and after 10 days on this regimen the dyspnoea and albuminuria had disappeared and the blood pressure had fallen. The details of the chlorine balance (it should be remembered that sodium was more difficult to estimate) and blood pressure are shown in Figure 1 . ' After 10 days on the milk regime the arterial pressure fell from 22 cm to 15 cm.Hg, and at the same time there was a negative balance of 56 gm of salt. Then during a period of three days the pressure remained normal. During a further period of 5 days 3 litres of milk were replaced by two litres of hospital broth containing about 10 gm salt per litre. The pressure rose to 18 cm.Hg and the patient retained 32 gm of salt. At the end of this period the patient complained of dyspnoea. The broth was stopped and the patient maintained on 2 cutlets, 2 eggs and some bread without salt. The pressure fell to 16 cm.Hg. On a further occasion when the pressure rose to 20 cm.Hg re-institution of the milk regime led to a loss of 80 gm of salt and fall in pressure to 17 cm.Hg.'
A total of 6 case reports were documented and they all demonstrated a relationship between salt retention and hypertension. One can only marvel at the performance of these balance studies in 1904.
The rice-fruit-sugar diet
The first major clinical observations on the role of salt restriction in hypertension were made by Kempner (1948) from Duke University with a series of publications commencing in 1944, and he still has an active programme. The rice diet contains 2000 calories, 300 mg salt, and 250-350 g rice, boiled in either water or fruit juice. All fruits and fruit juices are allowed with the exception of nuts, dates and avocados. Not more than one banana per day is allowed. White sugar is given ad libitum but most patients take about 100 g daily. Because of the protein-sparing effects of carbohydrates, protein equilibrium is maintained despite the low protein content of the diet. Supplemental vitamins are given. When the clinical condition is under control, and this may take several months, small amounts of non-leguminous vegetables, potatoes, lean meat and fish, all prepared without salt or fat, may be added. Kempner (1948) demonstrated that with the use of this dietary regimen many patients could achieve normal blood pressure, and objective improvements in ECG changes, heart size and renal function were documented ( Figure 2 ). Published retinal photographs showed resolution of advanced changes, including papilloedema, haemorrhages and exudates. Kempner's (1948) results were regarded with scepticism by the profession, but were confirmed by Dahl (1972) under controlled conditions in the metabolic unit at the Rockefeller Hospital. One of the criticisms of Kempner's work was that the mechanism by which the diet worked was uncertain: although it was grossly deficient in salt, containing Figure 2 . Male, aged 23 years, with severe hypertension and advanced retinopathy, in whom blood pressure and retinopathy were controlled by the rice diet. (Reproduced from Kempner 1948, by kind permission) about 150 mg of sodium, it was also deficient in protein, fat, total calories and probably other nutrients. Dahl (1972) established that the blood pressure-lowering effect was due to sodium restriction by keeping patients on the diet together with supplemental salt (10 g daily) for long periods and showing that the hypertension was unchanged until the supplemental salt was withdrawn, when the blood pressure began to fall. These very elegant metabolic studies should be remembered today, when efforts are being made to implicate potassium and calcium in the hypertension story. These studies carried out over 30 years ago indicate that salt is the major aetiological factor, and other agents probably play a secondary role.
There is no doubt that salt restriction when carried to extreme lengths, as in the Kempner regimen, is very effective in many cases, but it went out of fashion because it was too difficult for most patients to adhere to over a long period of time. The emergence of effective drug therapy led to the abandonment of the use of sodium restriction in hypertension, and only recently has sodium restriction again become an important issue.
Epidemiological studies A vast amount of work has been carried out which shows a clear correlation between salt intake and the prevalence of hypertension in a population. Page et al. (1974) have collected data from at least 20 societies who do not have hypertension. They include Australian Aborigines, Greenland Eskimos and certain nomadic tribes from various parts of Africa who have widely different diets ranging from vegetarian to almost total carnivore, as in the Eskimos and Masai. All these differing populations have one thing in common -they do not take salt in their diet. Polynesians who cook in fresh water do not have hypertension, but Polynesians who cook in sea water have severe hypertension. At the other extreme, societies who have a large salt intake have a high incidence of hypertension, and they include the Japanese and the Kashkai from Southern Iran. The Kashkai are a simple nomadic tribe but are addicted to salt and have severe hypertension. Extensive studies on 8 societies in the Solomon Islands have shown that blood pressure does not rise with age (Page et al. 1974) ; it is therefore likely that the rise noted in Western societies is a salt effect, and also suggests that blood pressure only rises after many years of salt exposure.
Intrapopulation studies Although the interpopulation data show a clear correlation between hypertension and salt intake, intrapopulation studies have usually been negative. This may have been at least partly due to methodological problems. Salt intake has usually been assessed by sodium excretion in the urine. This has meant that only relatively small numbers could be studied, and subjects under such conditions do not always behave normally. Furthermore, these studies were carried out over a short time period, whereas all the evidence suggests that the effect acts over many years and short-term studies are probably not informative. Because hypertension does not usually appear until middle age, studies involving younger subjects would also be uninformative.
A recent study using a dietary survey to assess salt intake over a long period (Finn et al. 1981 (Finn et al. , 1982 has shown a clear correlation between salt intake and table-added salt (Figure 3) . A salt score was assessed by asking individuals whether they added salt to various types of food, and the systolic blood pressure was then recorded independently. The demonstration of a correlation between salt intake and blood pressure in an intrapopulation study is an important link in the evidence for such an association. As table-added salt comprises only about 30% ofthe total salt intake, the influence ofsalt on blood pressure must be a strong effect, as is also suggested by the interpopulation data, in which there is also a strong suggestion of a linear relationship between salt intake and blood pressure. Dahl (1972) suggested that there was a close analogy between cigarette smoking and lung cancer on the one hand and the salt-hypertension relationship on the other. In both instances the incubation period extends over many years and once the condition is fully established withdrawal of the environmental agent does not reverse the disease process. Attention has therefore focused on childhood blood pressures, and it is of interest that a study in the United States has shown that schoolchildren living in a community with elevated levels of sodium in the drinking water (107 mg/l) had a higher mean blood pressure level than children attending another school in which the community water level sodium was only 8 rng/l (Calabrese & Tuthill 1977) . It is possible that some of the previously reported negative intrapopulation studies could be explained by a high sodium content in the drinking water which could obscure any dietary effect. Dahl (1972) showed that it was possible to breed pure strains of rats with different reactions to salt. Salt-sensitive strains would develop hypertension when exposed to salt, and salt- To assess long-term salt intake each individual was asked whether he added salt to each of the following types of food: meat, fish, vegetables, salads, potatoes and eggs.-A point was given for each positive answer; thus an individual who never added salt at the table scored 0, and one who added salt to all foods scored 6. (Data from Finn et al. 1981) resistant strains would not develop hypertension even when exposed to a long-term high salt load. It is likely that the same situation applies in humans, whereby some individuals are sensitive to salt and develop hypertension, while others will remain normotensive despite a high salt diet. In retrospect, Pickering was clearly able to handle a large salt load without developing hypertension. Dahl (1972) also showed that in the rat there is a long incubation period, but once hypertension has developed then withdrawal of salt does not reverse the situation. Again it is probable that a similar situation holds in man. The incubation period probably starts in childhood and significant hypertension only manifests itself in middle life. It is also common clinical experience that well-established hypertension does not usually reverse with salt restriction unless carried to extreme lengths as in the Kempner (1948) regimen, and the rice diet is successful only in a proportion of cases.
Genetic susceptibility

Physiological mechanisms
The mechanism by which sodium affects blood pressure in susceptible individuals is still not clear. Theories abound in this area, but perhaps the most important is the finding by Garay & Meyer (1979) that there is an abnormality of sodium and potassium flux across the red cell membrane in essential hypertension which is inherited. There is evidence of an increased intracellular sodium content associated with defective sodium extrusion by the sodium-potassium co-transport system. A rise in intracellular sodium in vascular smooth muscle cells could possibly increase their excitability and ultimately cause a rise in blood pressure. At the present time the balance of evidence points to a predominant role for sodium in the genesis of hypertension, but studies into the possible accessory roles of potassium, calcium and renal mechanisms are receiving much attention.
Therapeutic role for sodium restriction The weight of evidence linking salt and hypertension is now such that most authorities advise that sodium restriction should playa role in the management of hypertension. This is now widely accepted in the United States and continental Europe, and is slowly gaining momentum in the UK. The view that advice should be withheld until the physiological role of sodium is completely elucidated is hardly tenable, particularly since most drugs are used without precise knowledge of their biochemical action.
Salt restriction regimens
In most Western societies sodium intake is about 10--15 g daily, and there is no strong evidence that a reduction to 5 g daily would be harmful. Dahl (1972) suggested a very simple regimen for salt restriction which lowers salt consumption to 1 g daily:
(1) Never add salt to food during preparation or at the table.
(2) Avoid milk and milk products.
(3) Avoid all processed foods except fruits and juices. The full regimen should be used only in a minority of cases, but' simply avoiding salt in cooking and at the table together with a reduction in processed foods would afford a worthwhile reduction in sodium intake.
Established hypertension
The analogy between 'cigarette-lung cancer' and 'salt-hypertension' suggests that established severe hypertension will not reverse because salt, like tobacco, is an initiating agent. Although salt restriction carried to extremes, such as in the Kempner (1948) regimen, will undoubtedly work in some cases, and more moderate sodium restriction will also have some blood pressure-lowering effect (MacGregor et al. 1982) , nevertheless severe established . hypertension should be managed with drug therapy. Moderate salt restriction should be used concomitantly for a trial period of possibly two months, so as to identify those patients who may be particularly sensitive to salt restriction or in whom the dose of hypotensive drugs required to control the hypertension might be reduced. But for those patients in whom it has no obvious effect, only moderate salt restriction -such as the avoidance of table-added salt -need be advocated.
Mild hypertension
There is a much stronger case for salt restriction in cases of moderate hypertension and in hypertension in the younger age group where irreversible structural and functional changes have not yet occurred. In my own experience even severe hypertension in subjects under the age of 35 often responds well to salt restriction. Clinical enquiry will often show that these patients take large quantities of salt. The effect of salt restriction should be ascertained using the Dahl (1972) regimen for about three months. If normotension is achieved the regimen can be moderated, but if the blood pressure cannot be controlled then drug treatment is indicated.
Prevention
The long incubation period over many years and the epidemiological evidence suggest that the main role of salt restriction lies in the realm of prevention. The situation is again similar to tobacco smoking in that we are unable to identify those subjects who will develop carcinoma or other smoking-related diseases. It may be possible in the future to devise some test to pick out salt-sensitive subjects, but at the present time general advice on salt restriction should be given. Table- added salt should be avoided and salt used in cooking should be reduced. Alternative condiments such as herbs should be encouraged. It is impracticable to avoid processed foods, but manufacturers are now being encouraged to reduce the salt content of such foods by considering alternative preservative and flavouring agents. Low-salt foods are now being produced in the United States on a wide scale. The use of salt substitutes based on potassium should not be widely encouraged as they constitute a potential hazard to patients with impaired renal function which may not have been recognized; however, they do have a limited role to play in some patients.
Conclusion
There is now a considerable body of evidence to suggest that essential hypertension is an ecological disease due to excessive salt consumption in genetically-susceptible individuals. Other factors such as renal mechanisms, potassium intake and calcium may also be relevant. Salt restriction is of minor importance in established severe hypertension, but is of value in younger subjects and in milder forms of hypertension. The main role of salt restriction is in prevention, and the epidemiological evidence suggests that a reduction in salt intake would lower the mean blood pressure of the population.
Even minor reductions in blood pressure when considered in the context of whole populations would have important public health consequences, such as a reduction in the incidence of coronary heart disease and stroke. The financial implications would also be important when one considers that chronic cerebrovascular disease is an important component of increasing geriatric problems.
